We have observed a recent increase in the incidence of spinal extradural infections. To determine postoperative outcome and prognosis we have undertaken a retrospective study on patients with spinal extradural abscesses between 1978 and 1996 treated in the Department of Neurosurgery at the Nordstadt Hospital in Hannover, Germany. Methods: Case records, outpatient ®les, operation notes, neuroradiological examinations and pathological reports were analysed. Neurological function was documented using a score system for each symptom. Results: Twenty-two patients underwent 24 operations during the study period. Staphylococcus aureus was the organism most commonly isolated. Patients presented after a mean history of 1.8+2.6 months with acute development of severe para-or tetraparesis and were followed up for an average period of 6+7 months. Two groups were distinguished. One group was characterized by epidural collections of pus (14 patients). Two patients in this group were not operated due to their moribund state and died from uncontrollable septicemia. Two of the remaining 12 operated patients died within 30 days after surgery due to generalized septicemia or other medical problems unrelated to the spinal involvement. Of the ten surviving patients, ®ve sustained major neurological de®cits, whereas the remaining ®ve patients made an incomplete recovery. The second group consisted of eight patients in a signi®cantly better pre-operative health condition in whom granulomatous material was obtained during the operation and the outcome was considerably better. No patient in this group died. Six patients recovered with no or mild neurological de®cits. Conclusion: Spinal extradural infections require immediate surgical intervention. Neurological outcome depends on the pre-operative neurological status. Survival is determined by the general health condition of the patient.
Introduction
Spontaneous extradural infections of the spine may be caused by haematogenous spread or local extension from another in¯ammatory process, such as osteomyelitis or spondylodiscitis of the spine. 1 ± 6 Once the epidural space of the spinal canal is reached, symptoms may progress rapidly to complete paraplegia.
Since the advent of antibiotics and better health standards the incidence of this disease and the high mortality had declined in the past. Surprisingly to us, a considerable number of patients with spontaneous epidural infections have been admitted to our department within the last few years suggesting that the overall incidence may be rising again. 7 ± 10 We have conducted this retrospective study to document the clinical course and outcome for these patients.
Materials and methods
We have studied retrospectively all patients with spontaneous spinal epidural infections between 1977 and 1996 who were treated in the Department of Neurosurgery at the Nordstadt Hospital in Hannover, Germany. During this period we encountered 22 patients with this diagnosis. They underwent a total of 24 operations. Two patients were not operated on due to their moribund state at the time of admission. The remainder were operated on as soon as the diagnosis was made. We encountered eight cervical, three cervicothoracic, three thoracic, one thoracolumbar and seven lumbar in¯ammatory processes.
One patient with an extensive cervicothoracic abscess requried two operations as the full extent of the spinal involvement was not apparent on the preoperative computer tomography (CT) and was detected on the postoperative magnetic resonance scan (MRI). Another patient with a thoracic granuloma underwent four surgical procedures within 3 years due to local recurrences.
Case records, operation reports, follow-up information, and neuroradiological ®ndings were evaluated. The clinical course was documented using the Karnofsky score 11 and a score system for each symptom (Table 1) . 12 In general, scores between three and ®ve describe satisfactory levels of function and scores between two and 0 indicate unsatisfactory or incapacitated function. Only the most severely aected limb was analyzed in this manner. The general health status before treatment was graded as follows:
(5) no medical problem (4) minor medical problem, no medication necessary (3) medical problem, manageable with drugs, no hospitalization (2) signi®cant medical problem requiring hospitalization (1) moribund state Pre-operative imaging consisted of plain X-rays and computer tomography (CT) with bone windows of the aected spinal segment and a myelogram with postmyelographic CT before MRI became available. Since then, we perform myelography only in cases with multilevel involvement to determine those spinal segments with spinal cord compression. For most patients MRI with and without gadolinium was sucient and was considered as the imaging modality of choice. CT with bone windows may be added to demonstrate the bony destruction more adequately.
The surgical approach depended on the extent of bony involvement. In patients with osteomyelitis or spondylodiscitis, a ventral approach was chosen to ensure adequate debridement of the spinal canal and aected vertebrae with removal of the discs, followed by fusion if required. If vertebrae and intervertebral disc spaces were unaected, a posterior approach was chosen.
According to intra-operative evidence of a purulent collection and histological examinations, abscesses and granulomas were distinguished. Abscesses were characterized by purulent collections surrounded by an in¯ammatory in®ltrate of lymphocytes and plasma cells. With granulomas, no pus was seen during surgery but granulation tissue of varying consistency, sometimes poorly distinguishable from surrounding soft tissues. Histologically, there was no evidence of a speci®c in¯ammatory reaction, such as Langhans cells or epitheloid cells, but an in¯ammatory in®ltrate of granulocytes with signs of a more chronic inflammatory process, such as scar formation.
Adjunctive therapy consisted of intravenous antibiotics according to resistance testing. If an organism could not be isolated, a combination of three antibiotics (cephalosporin, aminoglycoside and metronidazol) was given. The antibiotic medication was sustained for a minimum of 4 weeks without bony involvement and 8 weeks with osteomyelitis.
Postoperatively, every patient received plain X-rays, and either CT with bone window and intravenous contrast or an MRI. Further scans were performed if clinical symptoms worsened again. Clinical examinations were performed before discharge and after 3 months for all surviving patients. Additional follow-up information was obtained by further outpatient examinations, questionnaires, or through the referring physician. The average follow-up period was 6+8 months.
Means are presented plus/minus the standard deviation. For statistical analyses Student's t-tests for paired or unpaired variables were used provided the Komolgorov-Smirnov test indicated normal data distribution. A multiple regression analysis was performed to determine those factors which predict postoperative survival. For analysis of survival rates the Kaplan-Meier method was used. 13 A dierence was considered signi®cant if a P-value of 0.05 was reached. Table 2 summarizes the clinical data. For the majority of patients, local pain was the ®rst clinical symptom noted. Most patients presented acutely with a rapidly progressing neurological de®cit which had proceeded to complete paraplegia in three cases of spinal abscesses. Six patients had undergone conservative treatment with antibiotics ®rst and were only transferred to our department after neurological deterioration had occurred. Systemic signs of infection, ie fever, leucocytosis, positive blood cultures, were detected more often in patients with abscesses compared to granulomas. Positive blood cultures were detected in six patients with abscesses only. Overall, only 43% showed signs of fever and 52% demonstrated a leucocytosis, while every patient had an elevated erythrocyte sedimentation rate (ESR) on admission.
Results

Pre-operative characteristics
Patients with abscesses were in signi®cantly poorer general health (P50.01) with a signi®cantly lower Karnofsky score (Karnofsky scores on admission 36+15 and 57+21, respectively; P50.01), more severe neurological de®cits and presented risk factors, such as diabetes or alcoholism, more often when compared to patients with granulomas. However, from clinical data or imaging studies alone we were unable to determine pre-operatively whether a granuloma or an abscess was present. There was no statistical dierence in terms of length of history or age between the two groups.
Surgical treatment and intra-operative ®ndings Two moribund patients with spinal abscesses and uncontrollable septicemia were not operated on and died within days of admission. The remainder were operated on immediately. Due to accompanying osteomyelitis or spondylodiscitis a ventral approach was chosen in seven instances. Four of these required immediate anterior fusion after removal of infectious material. One patient with a granuloma at C2 ± C5 was placed in a Halo for 4 weeks until fusion with iliac crest bone and plating was performed. One patient with aection of C5 ± C7 received a carbon ®bre vertebral replacement. Two patients underwent conventional ventral fusion with iliac crest bone and plating with the primary procedure. For the remaining three patients no fusion was required and immobilization of the cervical spine with a collar was sucient. The remaining 17 operations were performed via a posterior approach without stabilization.
The wound was closed primarily with either epidural suction (18 operations) or suction/irrigation systems (six operations).
Staphylococcus aureus was the organism most commonly isolated. The remaining organisms isolated were E. coli, Pseudomonas aeruginosa, Proteus mirabilis, and hemolytic streptococci. For nine patients, no organism could be identi®ed ( Table 2 ). The histological diagnosis was either abscess or unspeci®c granulomatous in¯ammation.
Complications
Four surgical revisions were required due to postoperative recollection of in¯ammatory material in the wound: two after conventional epidural suction drains and two after suction/irrigation systems. In one case, conventional suction was changed to suction/irrigation and the wound closed once again. For the remaining cases, the wound was left open to heal secondarily.
Outcome
Two moribund patients with spinal abscesses were not operated on and died from uncontrollable septicemia even though the organism had been identi®ed and antibiotic treatment installed accordingly. Of operated patients with abscesses, two patients died within 30 days despite speci®c antibiotic treatment after resistance testing. Of the remaining ten patients, ®ve sustained signi®cant neurological de®cits postoperatively requiring assistance for their daily activities, while ®ve patients made an incomplete recovery to ambulate independently.
The outcome for patients with granulomas was considerably better. There was no mortality in this group and six of eight patients improved postoperatively to a self-ambulatory status or kept their good pre-operative neurological status.
Overall, signi®cant postoperative improvements were observed for sensory de®cits, motor weakness, pain, and the Karnofsky score. On average, signi®cant improvements were observed for patients with abscesses after 3 months for sensory de®cits and pain, with only slight improvements for motor weakness, gait ataxia, and sphincter function. The Karnofsky score was left unchanged. For patients with granulomas, slight improvement was observed for sensory de®cits, motor weakness, and pain, whereas the Karnofsky score improved signi®cantly (Table 3) .
Multiple regression analysis showed that a poor Karnofsky score, a low general health score, and an abscess as opposed to a granuloma were the only independent factors predicting high mortality. Patient age, length of history and severity of pre-operative neurological de®cits did not show a signi®cant in¯uence on survival.
Discussion
A rising incidence of spinal epidural abscesses has been observed in recent years.
7 ± 10 Several explanations were oered, such as AIDS or intravenous drug abuse 9, 10 or the increasing number of elderly people. 7 ± 9 Intravenous drug abuse was thought to account for the high number of cervical abscesses as compared to series reported earlier this century. However, even though cervical infections predominate in our series, none of the patients had evidence of HIV infection or used intravenous drugs. The age distribution in our series does not suggest that spinal infections are restricted to elderly people. This leaves the increased incidence and the predominance of cervical abscesses unexplained.
Surgery or antibiotics?
The advent of antibiotics has changed the outcome of patients with this life threatening disease signi®cantly. 4 However, since antibiotics have become available further signi®cant improvements in mortality rates have not been reported within the last decades. Mortality dropped from 37% 4 and 88% 5 in the preantibiotic area to values of 17% 4 or 14%. 7 In selected series, mortality rates of as low as 5% have been reported 10,14 but do not represent an unselected series of patients.
Several publications have questioned the role of surgery suggesting that a considerable number of patients may be treated by antibiotics alone. 15, 16 Others have cautioned against this policy emphasizing the need for early surgical treatment. 7 ± 9 We consider an epidural infection an emergency calling for immediate surgical intervention as soon as the patient has developed even minor neurological de®cits. 8, 17, 18 A perfectly normal patient with just an elevated ESR and local pain may progress to complete paraplegia in as little as 2 h. 19 Our experience suggests that treatment should be started before severe neurological de®cits have developed. Chances for signi®cant neurological improvement or maintaining a neurologically intact status may decline rapidly if surgery is not performed at the earliest possible time. 7, 9 The classical triad of local pain, fever and a neurological de®cit describes the clinical picture for most patients adequately. If risk factors such as diabetes, recent trauma, alcoholism, cancer, old age etc. are present, these signs should lead to immediate clinical and radiological studies.
Imaging MRI has become the preferred imaging modality to demonstrate the extent of the in¯ammatory process. 8, 20, 21 However, radiological studies such as MRI may underestimate the severity of cord compression considerably. 14, 22 Quite often the neurological picture seems not to be adequately explained by what looks like a small enhancing lesion on MRI. It is important to emphasize that the severity of neurological symptoms and potential cord damage does not correlate to the amount of visible compression. 18, 23 Other factors, such as vascular compromise and spinal venous thrombosis are believed to contribute significantly. 2, 3, 19 Conventional myelography may still give a more adequate assessment in terms of the severity of cord compression in this entity, 7, 14, 22 especially if multiple spinal levels are involved. According to our experience, it is not possible to dierentiate between epidural granulomas and abscesses on MRI or any other radiographic study.
Systemic parameters of infection
Among the systemic parameters used to document infection ± fever, leucocytosis, and elevation of the erythrocyte sedimentation rate (ESR) ± several authors reported that only an elevated ESR was a consistent ®nding in cases of epidural spinal infections and in fact a good parameter for postoperative follow up. 7, 9, 10, 17, 22 Repeated postoperative ESR measurements and measurements of C reactive protein (CRP) may indicate successful treatment or alert the physician to a new or not suciently treated infectious problem.
Surgical treatment
The surgical approach is determined by the extent of bony and spinal cord involvement. In¯ammatory processes located anteriorly of the cord are almost exclusively found in cases of osteomyelitis or spondylodiscitis. 8 A posterior approach might give enough exposure of the intraspinal part. However, the Spinal infections J Klekamp and M Samii underlying infection inside the vertebral body or disc space cannot be treated appropriately. Therefore, we recommend an anterior approach in such cases to achieve adequate debridement of the aected bone together with removal of the intraspinal part. If required, fusion can be achieved in the primary operation. On the other hand, if the in¯ammatory process does not involve intervertebral discs or vertebral bodies a posterior approach will be sucient.
In one case of a cervical granuloma we were hesitant to proceed to spinal fusion after extensive bony resection and debridement during the same operation. We immobilized the cervical spine in a Halo, and performed bone grafting and fusion in a second operation after 4 weeks with an excellent clinical result. Another patient required fusion due to postoperative instability, while one patient received a carbon ®bre transplant after resection of C6 during the same operation. Even though no problems arose with this transplant in this particular patient we generally prefer iliac crest bone over an inert material. Several studies suggest that bone grafting and fusion can be undertaken primarily without the danger of a relapse or breakdown of the bone graft. 3,9,24 ± 27 In terms of wound management, several policies have been advocated: primary closure with epidural drains, primary closure with suction/irrigation systems or secondary closure. From our point of view no general recommendation can be given. In patients with good general health, primary wound closure has not caused any problems in terms of wound infection or recollection of putrid material epidurally. 9, 18, 28, 29 For patients in poor health, we have closed the wound primarily in a number of cases but had to revise the wound again in four instances. In these cases, we have then left the wound open in three patients to heal by secondary intent. 18 For one patient, a conventional suction drain was changed to a suction/irrigation system with closure of the wound and a very satisfactory result. 19, 28, 30, 31 Lange et al. 31 claimed signi®cantly better survival rates and neurological outcome in patients treated with suction/irrigation systems compared to conventional drainage systems. We were unable to substantiate such a dierence in outcome.
Postoperative outcome
Postoperative neurological outcome is almost directly related to pre-operative neurological status. 4,7 ± 10,14,17 Once severe paralysis or even complete paraplegia have set in the chances for neurological recovery are greatly reduced, especially in patients with generalized septicemia, other medical diseases, or old age. This is emphasized by the better postoperative results obtained for patients with epidural granulomas as compared to epidural abscesses. 1, 32 In general, symptoms develop slower and progress to a less severe degree in the former group putting them in a better pre-operative position. 7 Therefore, we strongly recommend operation in all patients ®t for surgery, before neurological de®cits develop. If conservative treatment does not control the in¯ammation and the patient deteriorates neurologically, the chances for recovery are greatly reduced. 8 Even though survival rates have undoubtedly improved there is still a high mortality of up to 23% 8 or 38% for cervical abscesses. 29 If the in¯ammatory process is localized ± as in osteomyelitis ± and the infection has developed by local spread and/or the process has proceeded to a granulomatous lesion the survival prognosis is excellent. However, in patients with poor general health, septicemia, and putrid material in the spinal canal it is the systemic rather than the local in¯ammatory disease which endangers life and survival will mainly depend on successful treatment of the systemic infection.
A patient with a spontaneous epidural infectious process should undergo MRI scanning to determine the exact extension of the in¯ammatory process. Additionally, CT and myelography may be employed. Every attempt should be made to isolate the underlying organism ± either locally or systemically ± so that speci®c antibiotic treatment can be installed.
Surgical treatment is indicated before severe neurological de®cits occur or the patient's health deteriorates. Once an advanced stage of the disease is reached mortality remains high and survivors are likely to sustain severe neurological de®cits. With surgical intervention at an early state the overall prognosis is favorable.
